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Blood was collected from 55 cats with feline infectious peritonitis (FIP) and
from 50 control cats in order to define whether differences in pathological
findings and in distribution of feline coronaviruses (FCoV) can be associated
with changes in haemograms, serum protein electrophoresis, and antibody
titres. Compared to controls, the whole group of FIP-affected cats had blood
changes consistent with FIP. Based on the pathological findings or on the
immunohistochemical distribution of viral antigen, FIP-affected cats were
divided in the following groups: subacute against acute lesions; low against
strong intensity of positivity; intracellular against extracellular positivities;
positive against negative lymph nodes. Lymphopenia was more evident in cats
with acute forms, strong intensity of positivity, extracellular antigen and
negative lymph nodes. Cats with positive lymph nodes had the most evident
changes in the protein estimations. These results suggest that differences in
pathological findings might depend on different reactive patterns to the FCoVs.

© 2001 European Society of Feline Medicine
Feline infectious peritonitis (FIP) is a fatal
disease for wild and domestic felidae,
caused by a Feline Coronavirus (FCoV).

The feline infectious peritonitis virus (FIPV) is
a mutated form of the enteric one (FECV)
(Vennema et al 1995, Poland et al 1996). Both
these FCoVs are able to pass from the intestine to
the blood (Herrewegh et al 1995); unlike FECV,
FIPV is able to replicate within the macrophages
that phagocytose the virus in the lymph nodes
and diffuse it through the body (Pedersen 1995a).
The development of the disease depends on the
balance between humoral and cellular immunity:
antibodies could facilitate the viral uptake by
macrophages (Hodatsu et al 1993, Hodatsu et al
1994) and in the absence of cell-mediated im-
munity, antigen-antibody complexes are respon-
sible for a type III hypersensitivity reaction that
leads to vasculitis and effusion (Hayashi et al
1977, Pedersen, 1995a). Weak cellular immunity
leads to dry forms, characterised by type IV
hypersensitivity reactions (Pedersen 1987,
Paltrinieri et al 1998a). In vivo the two types of
immune reactions probably coexist (Paltrinieri
1098-612X/01/030149+11 $35.00/0
et al 1998b). In experimental and in spon-
taneously occurring FIP, fluctuating levels of
circulating antibodies and immune complexes as
well as discrepancies between �-globulin levels
and antibody titre have been reported (Jacobse-
Geels et al 1982, Pedersen 1995a, Paltrinieri et al
1998b). The severity of the disease has been
associated with a decrease of circulating lym-
phocytes (Ward et al 1974, Pedersen 1995a,
Paltrinieri et al 1998b). Furthermore, the distribu-
tion and the histological pattern of the lesions, as
well as the distribution of viral antigens within
the lesions, show great variations among the cats
and often among different organs of the same cat
(Weiss & Scott 1981, Walter et al 1989, Tammer
et al 1995, Kipar et al 1997, Kipar et al 1998,
Paltrinieri et al 1998a).

In order to define whether this variability is a
casual finding or if it could be associated with
different systemic reactive patterns, the relation-
ship between the histological findings and the
distribution of the virus on one hand, and
haemograms, protein levels and antibody titres
on the other were analysed in this study.
© 2001 European Society of Feline Medicine
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Materials and methods
Fifty-five cats presenting clinical signs of FIP
were referred from private clinicians of the area
of Milan (Italy). The characteristics of these cats,
their pathological findings and the sampled
organs are reported in Table 1.

As a negative control, blood was taken from a
group of 50 healthy cats, comparable with the
group of cats with FIP in terms of age, breed,
sex and mode of life (pets, free roaming, and
breeding cats).
Blood tests

Blood (3 ml) was withdrawn from the cephalic or
from the jugular vein of each cat. One millilitre of
blood was collected in EDTA-coated tubes and
the remaining amount was put in tubes without
anticoagulant.

By mean of an automatic cell counter (Hemat
8, SEAC, Firenze, Italy) leukocyte, platelet and
erythrocyte numbers as well as haemoglobin
(Hb) concentration, hematocrit (Ht) percentage,
mean corpuscular volume (MCV), mean corpus-
cular haemoglobin (MCH) and mean corpuscu-
lar haemoglobin concentration (MCHC) were
evaluated. The differential leukocyte count was
microscopically evaluated on May Grünwald–
Giemsa (MGG) stained smears and the reticulo-
cyte percentage on brillant cresyl blue stained
smears as described by Pasquinelli (1984). The
reticulocyte production index (RPI) was evalu-
ated as suggested by Jain (1993).

Total proteins in serum were measured by a
discrete analyser (Abbott VP, Abbott Lab., Irving,
TX, USA) using the Biuret method (Abbott Lab.,
Abbott Park, IL, USA). Serum protein electro-
phoresis was performed using the semimicro-
method, with cellulose polyacetate strips (SEAC,
Firenze, Italy) in a barbitone and tris buffer
(Helena Lab. Italia Spa, Assago, MI, Italy). The
strips were run for 40 min, 150 V and then
stained for 15 min in Red Ponceau (0.5 g in
100 ml of 5% trichloroacetic acid), destained in
5% acetic acid and put in a diaphanising solution
(Helena Lab. Italia Spa, Assago, MI, Italy). The
gels were scanned in a densitometer (BT512,
Biotecnica Instruments, Roma, Italy).

Antibody titres against FCoVs were evaluated
using a commercially available ELISA kit
(Dyaset, Portomaggiore, FE, Italy) in 96 wells
microtitre plates coated with FIPV proteins
and using anti-feline horseradish peroxidase-
conjugated antibodies. The plates were read at
450 nm in an automatic ELISA analyser (Dasit
Multiskan, Dasit Spa, Cornaredo, Mi, Italy).

Serology for feline immunodeficiency virus
(FIV) and for feline leukaemia virus (FELV)
was performed using commercially available
ELISA kits (SNAP, IDEXX Lab, Westbrook, MA,
USA), according the procedure suggested by the
manufacturer.
Post-mortem examinations

A sample (approximately 1 cm3) of the affected
organs (see Table 1) was taken from each dead
cat, fixed in buffered 10% iso-osmotic formalin
and embedded in paraffin. Microtome sections
(5 �m) were used to confirm the diagnosis by
hematoxylin-eosin stain and by immuno-
histochemistry using a monoclonal antibody
against the FCoV (kindly provided by Prof N.C.
Pedersen, Davis, USA). Two to five sections of
each sample and 5 to 10 serial sections from
lymph nodes draining the lesions were immuno-
histochemically analysed. The Avidin Biotin
Complex (ABC) method with a commercially
available kit (Vectastain Elite, Vector Labora-
tories Inc., Burlingame, CA, USA) was used to
detect the positive reaction, as described by Hsu
et al (1981) after inhibition of the endogenous
peroxidase (H2O2 1% in methanol) and antigen
unmasking using microwave pretreatment (2
cycles of 5 min in citrate-buffered solution,
0.01 M, pH 6) (Cattoretti et al 1993) and 3-amino-
9-ethyl-carbazole as chromogen. Some sections
of each sample were used as negative controls,
with the primary antibody substituted by an
equal amount of normal mouse serum (DAKO
A/S, Glostrup, Denmark). In each session of test
a section of liver with a fibrinous perihepatitis
and with intraparenchymatous pyogranuloma-
tous foci from a cat with FIP was used as positive
control.
Formation of groups

Histological and immunohistochemical sections
were read by two different readers. Since dif-
ferent histopathological patterns as well as differ-
ent immunohistochemical characteristics were
present in different lesions of the same animal
and often in different foci of the same organ, for
each cat the histological and immunohistochemi-
cal characteristics of each sample were recorded
and groups were formed on the basis of the most
prevalent finding in the same cat.
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Table 1. Characteristics of the examined cats with FIP and samples taken for
histological and immunohistochemical studies

no. Breed Sex Age Pathological findings Sampled organs

1 DSH M 8 mo be L,K,ML,LU,TL
2 DSH M 4 mo be I,K,ML,LU
3 DSH M 1 y pe+abdominal mass I,K,ML
4 DSH F 4 mo pe I,K,ML
5 DSH M 4 mo te+subserosal abdominal foci I,LU,TL
6 P F 2 mo pe L,I,S,K,ML
7 DSH Mc 2 y pe L,I,S,K,ML
8 DSH M 8 y pe L,K,ML
9 BU M 8 mo pe K,ML
10 DSH M 4 mo be L,I,S,K,ML,LU,TL
11 DSH F 1 y pe L,I,S,K,ML
12 P M 3 mo te LU,TL
13 DSH M 8 mo pe L,I,K,ML
14 DSH M 1 y pe L,I,S,K,ML
15 DSH M 4 mo pe L,I,S,K,ML
16 DSH F 6 mo pe L,I,S,K,ML
17 DSH F 6 mo pe L,I,S,K,ML
18 DSH M 7 mo pe L,I,S,K,ML
19 P M 2 y be L,I,S,K,ML,LU
20 DSH M 5 y te+renal foci K,ML,LU,TL
21 DSH M 5 mo pe L,I,S,K,ML
22 DSH M nd be L,I,S,ML,LU,TL
23 DSH F 11 mo pe L,ML
24 DSH M 4 y pe L,I,S,ML
25 P F 1 y be L,S,K,ML,LU,TL
26 DSH M 4 y pe L,I,S,K,ML
27 P F 1 y pe L,I,S,K,ML
28 DSH M 4 y be I,K,ML,LU,TL
29 P F 4 mo pe L,I,S,K,ML
30 P F 6 m pe L,I,K,ML
31 P F 1 y be L,K,ML,LU,TL
32 DSH M nd pe L,I,S,ML
33 DSH M 3 y pe L,K,ML
34 P F 8 mo pe L,I,S,ML
35 P F 1 y pe I,ML
36 DSH M 10 y te LU,TL
37 DSH M nd pe L,ML
38 DSH F 3 mo pe L,I,S,K,ML
39 P F nd pe L,K,ML
40 DSH F nd pe L,I,S,ML
41 DSH F nd be L,I,K,ML,LU,TL
42 DSH F nd pe I,ML
43 DSH F 12 y pe L,I,ML
44 DSH F 7 mo pe I,S,ML
45 DSH M 1 y be L,I,ML,LU,TL
46 S M 3 mo pe L,I,ML
47 P M nd pe L,I,K,ML
48 DSH F 1 y pe L,I,K,ML
49 DSH F nd te L,LU,TL
50 DSH M nd te L,LU,TL
51 P F 1 y pe L,I,S,ML
52 BA M 4 mo be L,I,K,ML,LU,TL
53 DSH F 1 y pe I,K,ML
54 DSH F nd pe L,I,ML
55 DSH M 7 y pe I,S,K,ML

DSH=domestic shorthair; P=Persian; BU=Burmese; S=Siamese; BA=Balinese; M=
male; F=female; mo=months; y=year; be=bicavitary effusion; pe=peritoneal effusion;
te=thoracic effusion; L=liver; I=intestine; K=kidney; S=spleen; ML=mesentheric
lymph node; LU=lung; TL=thoracic lymph node; nd=not determined.
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The following groups were analysed and com-
pared each other:
Acute vs subacute forms. The cases of FIP on
which the main histological finding was the
presence of perivisceral fibrin and necrosis with
scattered leucocytes were classified as acute
(Fig. 1); the cases of FIP with histological signs of
organisation of the perivisceral fibrin, with larger
pyogranulomatous foci and/or with presence of
intraparenchymatous pyogranulomatous foci
were classified as subacute (Fig. 2).
Intensity of the positivity. On the basis of the
number of positive cells within the foci two
groups were formed: low intensity when less
than 50% of the cells were positive (Fig. 3), and
strong intensity when more than 50% of the cells
were positive (Fig. 4).
Type of the positivity. Two groups were formed
according to the presence of intracellular (Fig. 5)
or extracellular (Fig. 6) positivity: in the latter
group, viral antigen was detectable both in the
cells and in the extracellular spaces, where
granular positivities were present.
Fig 1. Lung; cat, domestic shorthair, male, 8 months. Severe,
acute, diffuse fibrinous pleuritis with scattered inflammatory
cells. HE stain. Original magnification, 200 ×.
Fig 2. Lung; cat, domestic shorthair, male, 1 year. Severe,
subacute, diffuse fibrinous pleuritis with organised fibrin
and large lymphoplasmocytic foci. HE stain. Original
magnification, 200 ×.
Fig 3. Spleen; cat, domestic shorthair, female, 3 months.
Severe, subacute, diffuse fibrinous perisplenitis with rare
FCoV-positive cells. Avidin biotin peroxidase complex
method, Mayer’s hematoxylin counterstain. Original
magnification, 200 ×.
Fig 4. Intestine; cat, persian, female, 8 months. Severe,
subacute, diffuse fibrinous peritonitis with many FCoV-
positivities. Avidin biotin peroxidase complex method,
Mayer’s hematoxylin counterstain. Original magnification,
200 ×.
Presence or absence of positivity in the lymph
nodes draining the lesions. These groups were
formed based on the presence or absence of
positive cells that appeared as single cells with
dendritic projections or large vescicular cells in
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germinal centres (Fig. 7), in absence of FIP le-
sions such as pyogranulomatous lymphadenitis
or of lymphoid depletion.
Statistical analysis

Haematological, serological and electrophoretic
data of FIP-affected cats were compared with
those of controls using specific software (Statsoft.
Inc, Tulsa, OK, USA), by Student’s t-test. When
the data did not have a normal distribution,
the corresponding non-parametric test Mann–
Whitney U test was used.

The same tests were used to compare each
of the results obtained in the different groups
and to compare the different groups with
controls.
Results
Results from control cats (Table 2) were in
agreement with those reported in literature (Jain
1993, Kaneko et al 1997). Furthermore all the cats
from this group were FIV and FeLV negative. In
contrast variable anti-FCoV antibody titres were
detected in this group.

When considered as a whole and compared
against controls (Table 2) cats with FIP had
a normocytic, normochromic non-regenerative
anaemia, neutrophilic leucocytosis with lympho-
penia, eosinopenia and monocytosis, hypoalbu-
minaemia and hyperglobulinaemia with a
decreased albumin/globulin (A : G) ratio, and
increased �2- �- and �-globulin concentrations.
Also in this group no FIV or FeLV positives were
present.

The cats were then divided into groups accord-
ing to their pathological and immunohistochemi-
cal findings. Values related to erythrograms
never exhibited any significant or evident differ-
ence among the groups. For this reason that these
data are not reported in the following tables.
Fig 5. Liver; cat, domestic shorthair, female, 1 year. Pyo-
granulomatous hepatitis with prevalence of intracellular
positivities. Avidin biotin peroxidase complex method,
Mayer’s hematoxylin counterstain. Original magnification,
400 ×.
Fig 6. Kidney; cat, domestic shorthair, male, 7 years. Pyo-
granulomatous nephritis with presence of intracellular and
extracellular granular positivities. Avidin biotin peroxi-
dase complex method, Mayer’s hematoxylin counterstain.
Original magnification, 400 ×.
Fig 7. Lymph node; cat, persian, female, 8 months. Presence
of viral antigen in the germinal centres of the lymph
node. Avidin biotin peroxidase complex method, Mayer’s
hematoxylin counterstain. Original magnification, 100 ×.
Acute against subacute forms (Table 3). Thirty-five
cats (63.6%) had acute forms, while in 20 cases
(36.4%) histological findings were consistent
with subacute forms. Compared to controls, both
groups had leucocytosis, neutrophilia with left
shift, eosinopenia, monocytosis, hypoalbumin-
aemia, hyperglobulinaemia with inverted A : G
ratio and increased �2-, �- and �-globulins. In
contrast lymphopenia was present only in acute
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Table 2. Results (mean±SD) from controls and from FIP-affected cats

controls FIP

Erythrocytes×106/�l 7.43±1.79 5.81±1.73 ***
Reticulocytes×103/�l 0.12±0.15 0.33±0.77 ns
RPI 0.03±0.04 0.07±0.15 ns
Hb (g/dl) 11.13±2.69 8.72±2.52 ***
Ht (%) 31.66±7.18 25.36±7.58 ***
MCV (fl) 42.92±3.97 44.26±7.52 ns
MCHC (%) 35.48±4.72 34.75±4.98 ns
MCH (pg) 15.12±1.69 15.28±2.56 ns
Leucocytes×103/�l 9.54±3.68 15.86±9.14 ***
Neutrophils×103/�l 6.19±2.94 13.10±8.19 ***
Band neutrophils×103/�l 0.12±0.18 0.97±1.39 ***
Eosinophils×103/�l 0.71±0.70 0.06±0.11 ***
Lymphocytes×103/�l 2.47±1.14 1.36±1.30 ***
Monocytes×103/�l 0.10±0.14 0.34±0.38 ***
Total proteins (g/dl) 7.59±0.77 7.78±1.72 ns
A : G ratio 0.94±0.29 0.40±0.22 ***
Albumin (g/dl) 3.61±0.76 2.09±0.57 ***
Globulins (g/dl) 4.05±0.83 5.70±1.63 ***
�1 globulins (g/dl) 0.48±0.27 0.56±0.41 ns
�2 globulins (g/dl) 0.64±0.28 1.15±0.47 ***
� globulins (g/dl) 0.79±0.29 1.23±1.01 **
� globulins (g/dl) 2.10±0.68 2.73±1.49 **
Antibody titre 1:165±1:218 1:283±1:332 ns

**P<0.01; ***P<0.001; ns=not significant.
Table 3. Results (mean±S.D.) from cats with acute and subacute forms

Acute Subacute

Leucocytes×103/�l 16.5±9.5 *** 14.8±8.7 *** ns
Neutrophils×103/�l 14.2±8.7 *** 11.1±7.0 *** ns
Band neutrophils×103/�l 0.7±0.6 *** 1.4±2.1 *** ns
Eosinophils×103/�l 0.1±0.1 *** 0.1±0.1 *** ns
Lymphocytes×103/�l 1.1±0.7 *** 1.8±1.9 nsc #
Monocytes×103/�l 0.3±0.4 *** 0.3±0.3 *** ns
Total proteins (g/dl) 7.5±1.8 nsc 8.2±1.5 * ns
A : G ratio 0.4±1.3 *** 0.4±0.1 *** ns
Albumin (g/dl) 2.0±0.6 *** 2.2±0.5 *** ns
Globulins (g/dl) 5.5±1.7 *** 6.0±1.4 *** ns
�1 globulins (g/dl) 0.5±0.3 nsc 0.7±0.5 nsc ns
�2 globulins (g/dl) 1.1±0.5 *** 1.1±0.5 *** ns
� globulins (g/dl) 1.0±0.6 * 1.6±1.4 *** #
� globulins (g/dl) 2.8±1.6 * 2.6±1.3 * ns
Antibody titre 1:206±1:209 nsc 1:400±1:445 nsc ns

*P<0.05 vs controls; ***P<0.001 vs controls; nsc=not significant vs controls; #P<0.05;
ns=not significant.
forms and hyperproteinaemia in the subacute
ones. Lymphocyte numbers and �-globulins
were significantly lower in cats with acute forms
than in those with subacute forms.

Before analysing the results of groups formed
according their immunohistochemical findings,
it must be underlined that often foci with differ-
ent characteristics of positivity were detectable
in the same cat. Nevertheless, the characteristics
of positivity were similar in contiguous organs
(eg intestine-omentum, liver-diaphragm, lung-
pericardium, etc.). The immunohistochemical
findings that were more represented in the cats
with FIP were low intensity (31/55=56.4%),
extracellular positivities (38/55=69.1%) and
negative lymph nodes (30/55=54.5%) (Table 4).
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However immunohistochemical findings were
not uniformly distributed among the different
groups of cats: the main immunohistochemical
finding in cats with acute lesions were negative
lymph nodes and extracellular positivities, while
cats with subacute lesions more frequently had
low intensity of positivity; cats with intracellular
positivities more often had positive lymph
nodes, while those with extracellular positivities
were mainly characterised by negative lymph
nodes; finally, cats with negative lymph
nodes showed a prevalence of low intensity of
positivity.

Blood parameters were then analysed in the
different groups of cats with the following results
(Table 5):
Low against strong intensity of positivity. Compared
to controls, both groups had the above men-
tioned changes consistent with FIP, except for
hyperproteinemia that was present only in cats
with low intensity of positivity. Leucocytosis was
significantly higher in cats with low intensity of
positivity and lymphocyte counts were signifi-
cantly lower in cats with strong intensity of
positivity.
lymphopenia, that was present only in cats with
extracellular positivity. These cats also had sig-
nificantly lower eosinophil and lymphocyte
counts than those with intracellular positivities.
Presence against absence of viral antigen in the
lymph nodes. Compared to controls, all the
changes consistent with FIP were detectable in
both the groups, except for lymphopenia, that
was present only in cats with negative lymph
nodes, and hyperproteinaemia and hyper-�-
globulinaemia, that were present only in cats
with positive lymph nodes. Lymphocyte counts
and total and �-globulin concentrations were
significantly lower in absence than in presence of
lymph node positivities.
Table 4. Relationship among the different pathological and immunohistochemical
findings in FIP cats

AF
(n=35)

SF
(N=20)

LI
(n=31)

SI
(n=24)

CP
(n=17)

EP
(N=38)

NL
(n=30)

PL
(n=25)

AF — — 18 17 7 28 20 15
(n=35) (51%) (49%) (20%) (80%) (57%) (43%)
SF — — 13 7 10 10 10 10
(n=20) (65%) (35%) (50%) (50%) (50%) (50%)
LI 18 13 — — 11 20 18 13
(n=31) (58%) (42%) (35%) (65%) (58%) (42%)
SI 17 7 — — 6 18 12 12
(n=24) (71%) (29%) (25%) (75%) (50%) (50%)
CP 7 10 11 6 — — 6 11
(n=17) (41%) (59%) (65%) (35%) (35%) (65%)
EP 28 10 20 18 — — 24 14
(n=38) (74%) (26%) (53%) (47%) (63%) (37%)
NL 20 10 18 12 6 24 — —
(n=30) (67%) (33%) (60%) (40%) (20%) (80%)
PL 15 10 13 12 11 14 — —
(n=25) (60%) (40%) (52%) (48%) (44%) (56%)

AF=Acute forms; SF=subacute forms; LI=low intensity of positivity; SI=strong
intensity of positivity; CP=cellular positivity; EP=extracellular positivity; NL=
negative lymph node; PL=positive lymph node.
Discussion
All the parameters in control cats were within
the normal range (Jain 1993, Kaneko et al 1997).
However, it must be underlined that the total
proteins and protein fractions were characterised
by marked individual variations, most likely due
to the composition of the control group. In order
to be comparable with cats with FIP, in fact, the
control group was composed of cats of different
age, sex, and breed, as well as of cats living in
different environments and it is well known that
these variables can influence the protein levels
Intracellular against extracellular positivity. Com-
pared to controls, both the groups showed
the changes consistent with FIP, except for
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(Kristensen & Barsanti 1977). The finding of
variable antibody titres in control cats is not
surprising: anti-FCoV positivities have already
been reported in healthy cats (Pedersen 1976,
Barlough & Stoddart 1990, Pedersen 1995a,
Paltrinieri et al 1998b). In the present sample cats
from catteries were included. This increased
further the possibility to have high anti-FCoV
antibody titres, since in multiple-cat environ-
ments the FCoVs are often endemic, and sero-
positives are frequent (Pedersen 1995b, Richards
1995).

The haematological and serum protein profiles
of cats with feline infectious peritonitis (FIP)
were in agreement with those reported in pre-
vious works (Sparkes et al 1991, Pedersen 1995a,
Paltrinieri et al 1998b).

After forming the groups and subsequently
reducing the number of cats per group, vari-
ability among the cats increased further. By
consequence, for some parameters statistical sig-
nificance was rarely reached, despite strong dif-
ferences in the mean values among the different
groups.

Nevertheless, cats with acute lesions showed a
significant decrease of lymphocytes compared to
controls and to animals with subacute lesions.
This suggests that the decrease of lymphocytes
might exacerbate the disease, in agreement with
the previous hypothesis on the role of lym-
phocytes in modulating the development of
the disease (Ward et al 1974, Pedersen 1995a,
Haagmans et al 1996). �-globulins and antibody
titres were higher in subacute than in acute FIP,
suggesting an early involvement of immune sys-
tem, although it cannot be excluded that the low
antibody titre in acute FIP depends on immune-
complexes formation.

In experimental infections, an early increase of
�2-globulins was reported (Stoddart et al 1988),
while �-globulins and antibody titres increase
just before the appearance of the symptoms
either in effusive (Stoddart et al 1988, Pedersen
1995b, Gunn-Moore et al 1998) or in non-effusive
forms (Pedersen, 1976). In the present study it is
not possible to find this correlation: in spon-
taneously occurring FIP, in fact, it is not possible
to assess the moment of infection nor to have
an exhaustive follow-up, because the cats are
usually euthanatised just after blood sampling.
Furthermore the development of the disease
is heavily influenced by the serological status
before infection (Pedersen 1976). Pedersen
(1995b) suggested that cats that develop FIP are
almost always FCoV seropositive, while other
authors found that seropositive cats are less
susceptible to the disease (Addie et al 1995,
Herrewegh et al 1997). Although it is not possible
to assess whether our cats were seropositive
or not, it cannot be excluded that the above-
mentioned increase of antibody titres and
�-globulins could have been present before the
samplings.

The distribution of the viral antigen and the
characteristics of positivity in the different ani-
mals, as already reported (Cammarata Parodi
et al 1993, Tammer et al 1995, Kipar et al 1998),
were very variable. For these reasons the preva-
lence of the different characteristics of positivity
were recorded and used to form the groups. The
finding of similar characteristics of positivity in
contiguous organs, however, suggests the possi-
bility of an early diffusion of the virus from the
site of the first appearance of the lesions to the
nearest tissues, as previously demonstrated in
experimentally induced diseases (Weiss & Scott
1981).

In most of the cats, viral antigen was detect-
able in less than 50% of the cells within the
lesions and it was also found as granular posi-
tivity in extracellular spaces. Although this
might be an artifact due to a different distri-
bution of the virus within each lesion, it is most
likely due to a different reactivity against the
virus, probably related to a different immune
status of the cats. Cats with different susceptibil-
ity to FCoV infections, due to a breed predispo-
sition, have been already reported (Foley &
Pedersen 1996). In the present sample the distri-
bution of viral antigen in Persian cats was similar
to that of cats from other breeds; however, the
hypothesis of an individual predisposition is
supported by the finding that cats with more
acute lesions and with extracellular antigen, that
has been interpreted as the release of virus from
lysed cells (Weiss & Scott 1981, Paltrinieri et al
1998a) mainly had negative lymph nodes.

A further support on the hypothesis of a dif-
ferent reactivity in cats with different immuno-
histochemical findings, came from the
observation that some haematological changes
were associated with the increasing spread of
viral antigen. In particular, lymphopenia was
present in cats with stronger positivity and with
extracellular antigen. The relationship between
lymphopenia and the severity of the clinical
symptoms has been already underlined (Weiss &
Scott 1981) and the lack of protective cellular
immunity is considered to play a central role in
the development of effusive FIP (Pedersen 1987).
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The association detected in this study between
lymphopenia and the spread of the virus sup-
ports this hypothesis. However, the data pre-
sented here do not allow determination if viral
spread can exacerbate the lymphopenia, as pre-
viously suggested by the finding of apoptotic
lymphocytes close to FIPV-infected macrophages
(Haagmans et al 1996).

The finding of viral antigen in the germinal
centres of lymph nodes in the absence of typical
FIP lesions must be considered with particular
attention. The positive cells were morphologi-
cally identifiable as interfollicular dendritic cells,
that work as antigen presenting cells (Steinmann
1991) and are thus involved in the activation of
the immune system. Cats with positive lymph
nodes had �-globulin levels significantly higher
than those of the other group. This suggests that
they have already mounted an humoral reaction
against the virus. This is consistent with the
lower amount of viral antigen found in these cats
and it is in agreement with previous reports in
which the ability to resist the infection has been
associated with a follicular hyperplasia in the
lymph nodes (Kipar et al 1999). Lymphopenic
cats, in contrast, are most likely unable to mount
this response: their lymph nodes were negative
and �-globulins were lower than in the other
cats.

In conclusion the simultaneous analysis of
pathological, immunohistochemical and blood
findings in cats affected by FIP allowed us to
define different reactive patterns against the
virus. Ultimately, the results presented here
further support the hypothesis of an associ-
ation between lymphopenia and the severity of
FIPV infection. Further efforts to investigate the
relationship between FIPV and the immune
system are needed to help us understand the
histopathogenesis of the lesions.
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